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I .  

I. SU?.lMARY 

This is the first Quarterly Progress Report submitted in compliance with require- 
ments of NASA Contract NASA i-5381. The intent of this report is t o  delineace 
the progress accomplished and the objectives satisfied since the initiation of 
this effort on 21 July 1965. 

The major milestones of this demonstration program accomplished during the first 
three months were the design of the Assembly/Sterilizer Analogue ( A / S  Analozue); 
the initiation of the test, demonstration and Bio -Assay Plan, the beginning of 
the test sample design and the detailed scheduling relative to this program. 

A preliniinary specification for the .AIS Analcgue was generated and a prelicinary 
purchase order was negotiated. Plans for the receipt and installation of the AIS 
Analogue in the clean room have been reviewed and found satisfactory. 
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11. PROGRAM STATUS 

A. Pl?OGRIL"I TASKS 

TASK 1. TEST SAZiPLE 

The t e s t  sample ,  F i g u r e  11-1, w i l l  b e  f a b r i c a t e d  of an aluminum s k i n ,  two 
i nches  by f o u r  inches by th i r ty - two  hundredths  t h i c k  t o  which w i l l  be bonded 
a one q u i r t e r  i n c h  t h i c k  E31 h e a t  s h i e l d  contained i n  which w i l i  be  a them.0- 
couple .  Mounted on t h i s  b a s i c  s t r u c t u r e  by means of b r a c k e t s  and suppor t s  
w i l l  be  a l m i n a t e d  g l a s s  p r i n t e d  c i r c u i t  board c o n t a i n i n g  t h e  e l e c t r o n i c s  
c i r c u i t r y  which inc ludes  t r a n s i s t o r s ,  r e s i s t o r s ,  d i o d e s ,  and c a p a c i t o r s .  
The t e s t  s ample  d e s i g n  has been completed. 

The c i r c u i t  of t h e  t e s t  sample, F igu re  11 -2 ,  has  been completed. As p r e v i o u s l y  
r e p o r t e d ,  t h e  c i r c u i t  was modified i n  o r d e r  t o  p re sen t  a more t p i c a l  hardware- 
type r e p r e s e n t a t i v e  of an unmanned p l a n e t a r y  l ande r .  This was acconpl ished 
by changing from a one-stage audio e z p l i f i e r  t o  a t r i g g e r e d  m u l t i v i b r a t o r ,  
concurred t o  by Langley t e c h n i c a l  r e p r e s e n t a t i v e s .  

The t e s t  s e t ,  comprised of a s i g n a l  g e n e r a t o r  and an ou tpu t  i n d i c a t o r ,  has  . 
been designed a s  i l l u s t r a t e d  i n  F igu re  11-3. 

. 

A breadboard of t h e  tes t  sample c i r c u i t r y  has been exposed t o  one c y c l e  
of s t e r i l i z a t i o n ,  2 4  hours a t  135 degrees  C . ,  followed by a 20 hour 
l i f e  t e s t .  Neasurements b e f o r e  and a f t e r  exposure showed no measureable 
change i n  p e r f o m a n c e .  See Appendix C .  

The compf la t ion  of required purchase p a r t s  ha8 been completed and a l l  p a r t s  
have been ordered du r ing  t h i s  r e p o r t i n g  pe r iod .  F a b r i c a t i o n  of  t h e  p r i n t e d  
c i r c u i t  board h a s  Seen i n i t i a t e d .  
samples has  been scheduled. 

F a b r i c a t i o n  and assembly of t h e s e  t e s t  

The assembly, s t o r a g e ,  and manufacture of t h e  t es t  samples through t h e  
c l e a n i n g  o p e r 2 t i o n ,  c l e a n  room and t h e  AIS Analogue is i l l u s t r a t e d  i n  
F i g u r e  11-4. 

. .  
TASK 2.  TEST PROGRAM .LI DENONSTRATION 

The planning of t h e  Tes t  Program and Demonstration has  been formulated and 
t h e  t e s t  p l a n  is  being i s s u e d  concurrent  w i t h  t h i s  r e p o r t .  

The t e s t  p l a n  d e s c r i b e s  a program t o  provide t h e  i n i t i a l  demonstrat ion of  
t h e  f e a s i b i l i t y  of  a f a c i l i t y  which p e r n i t s  t h e  decontaminat ion and 
s t e r i l i z a t i o n  of s p a c e c r a f t  with t h e  c a p a b i l i t y  f o r  subsequent  check and 
a d j u s t m e n t ,  r e p a i r ,  and s e a l i n g  i n  a b i o l o g i c a l  S a r r i e r  under s t e r i l e  

-.; ..:;.:...%:.:; :,..-. .<,. . I  cqnditions . ,,. ....' .This ... is, - dvong.tsat.e+, . . . . .  using...?. ,reduced. s.c.ale, a,n w e ,  qf t h e  .. . . :  .;... . .. ,. ... 
.'. ? :  . . .  . .  . *Ai  &b 1 $/s t g e  i 1 i E dr F i b  i 11 fy, .' f ie .  tSs c' p &gkai '  13 .. C,bq$s 'f'" etrree .&'jor<. .... . .;.**.. ..r .:. 

... - '  

t y p e s  o f  tes ts :  

S t e r i l L z a t i o n  V e r i f i c a t i o n  
t l a n i p u i a t i o n  T c s t s  . F e a s i b , i l i t y  Dcmonstration 
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These tes ts  are d e s c r i b e d  i n  d e t a i l  i n  t h e  Test P l a n  and may be summarized 
as fol lows.  

The s t e r i l i z a t i o n  v e r i f i c a t i o n  t e s t s  a s s u r e  t h a t  t h e  A/S Analogue chanbers 
are ach iev ing  t h e  r e q u i r e d  decontamination and s t e r i l i z a t i o n ,  using t h e  
p r e s c r i b e d  t r ea tmen t s .  These t e s t s  c o n s i s t  of t>7o c o q l e t e  c y c l e s  of 
o p e r a t i o n  of t h e  A/S  hnalogue s u b j e c t i n g  a t o t a l  o f  150 s p e c l a l l y  prepared 
specimens t o  t h e  t r e a t n e n t s  of ETO/Freon decon tan ina t ion ,  d r y  h e a t  s t e r i l i -  
z a t i o n  and wet h e a t  s t e r i l i z a t i o n .  The specimens a r e  s t a i n l e s s  s tee l  s t r i p s  
w i t h  k n o m , h i g h , r e s i d e n t  populat ion of v i a b l e  mic roorgan i s r s .  

The man ipu la t ion  t e s t  c o n s i s t s  of a l i m i t e d  h m a n  f a c t o r s  t e s t  t o  determine 
t h e  l i m i t a t i o n s  imposed q o n  a worker performing assigned t z s k s  using t h e  
A/S Analogue, and problems d i r e c t l y  r e l a t e d  t o  t h i s  work en7;iroment. I n  
a d d i t i o n ,  t o o l s  s u i t a b l e  f o r  s t e r i l e  assembly and s t e r i l i z a t i o n  f a c i l i t y  
procedures  w i l l  be  i n v e s t i g a t e d .  

The feasibility demonstrat ion c o n s i s t s  of t h e  performance of  f i v e  c y c l e s  o f  
A/S Analogue o p e r a t i o n ,  including d e m n t a m i n a t i o n  and S t e r i l i z a t i o n ;  and 
checkou t ,  r e p a i r ,  assembly, packaging, and r e c y c i e  r e p a i r  011 a s F e c i a l  
component s i m u l a t i n g  t y p i c a l  s p a c e c r a f t  hardware.  
components a r e  a v a i l a b l e  f o r  t h i s  program. 
f i v e  of t h e s e  f o r  use by NASA Langley. I n  a d d i t i o n ,  131 b i o l o g i c a l l y  seeded 
s t a i n l e s s  s t e e l  s t r i p s  w i l l  also be processed du r ing  these  c y c l e s  of t h e  
demons t r a t ion .  

A t o t a l  of 50 of t h e s e  
The p resen t  p l a n  c a l l s  f o r  ho id ing  

S u c c e s s f u l  completion of t h i s  t e s t  program w i l l  demonstrate  t h a t  t h e  
A s s e m b l y / S t e r i l i z e r  System design concept can be s u c c e s s f u l l y  it.?lemented 
fn a reduced scale  analogue f a c i l i t y  and can  s a t i s f y  a l l  a p s l i c a b l e  
b i o l o g i c a l  and p h y s i c a l  requirements.  

TASK 3 .  BIO-ASSAY 

The procedures fo r  b i o l o g i c a l  a s say  f o r  t h e  program have been deterrcined and 
are d e f i n e d  i n  Appendix A of t h e  t es t  planmissued concurren: with t h i s  r e p o r t .  
B i o l o g i c a l  a s s a y  w i l l  be  performed i n  con junc t ion  wi th  t h e  =nufac tu re  of  
the t e s t  samples ( t a s k  1) and the performance of t h e  t e s t  p rog ran  and 
demons t r a t ion  ( t a s k  2 ) .  

I n  t h e  manufacture of t h e  t e s t  sample, t h e  c l e a n  work areas vi11 be assayed 
by a i r  sampling and f a l l - o u t  monitoring. 
p r o c e s s  p a r t s  and assemblies  for  t h e  t es t  sample  w i l l  a l s o  5e performed. 
The b io -as say  p o i n t s  i n  t h e  manufacturing f l o w  a re  shown i n  t h e  manufacturing 
f l o w  diagram of  F i g u r e  Ii-4. 

In a d d i t i o n ,  b i o - a s s a y  of i n -  

I n  t h e  s t e r i l i z a t i o n  v e r i f i c a t i o n , a n d  f e a s i b i l i t y  demonstrat ton of t h e  t e s t  
program and d e n o c s t r a t i o n ,  bio-assay w i l l  be  perforr.ed on t e s t  sanples 
and s t a i n l e s s . s t e e 1  s t r i p s  used as s t e r i l i t y  cor.:rol s p e c k m .  A l l  of t h e  
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Figure 11-1 - Test Sample 
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R L l , R L 2  - -  l K ,  f 5% RC07  
R K l  ,RK2 --  3.9Ky +5% R C 0 7  
R B I ,  R B 2 - -  1 0 0 K ,  E5% R C 0 7  
RS1, RS2-- lOK, +5% R C 0 7  
C 1 ,  C 2  - -  470 pF7 C K 0 5 C W 4 7 1 K  

C R I , C R 2  -- 1N914 Q 1 ,  42 - -  2 N 7 0 6  

5 Terminais  i i 2574P2 

Figure 11-2 - Test Sample Circuit 
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2 .  The clean room o p r a t i o r a  p e r f o m d  i n  the  b\l..&lr 
Steri l irer analogue .re part  of the feaai51!1 
and dcapribad i r .  s e c t i o n  111 of the teat p:az 

d n o z u t r n t i o a  

Figure 11-4 - Assembly Flow of Test Sazlple 
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The seed ing  organisms w i l l  be B. s u b t i l i s  var .  n i g e r  o r  E. s t e a r o t h e r x o a h i l u s . .  
A f t e r  t h e  decontaminat ion and s t e r i l i z a t i o n  t r ea tmen t s  and a t  t h e  end of 
t h e  o p e r a t i o n  c y c l e s  of  t h e  A/S  Analogue, t h e  S/C specirnens and t e s t  simples 
w i l l  be assayed t o  a s c e r t i i i n  t h e  e f f i c a c y  of t h e  t r ea tmen t s  and t h e  c a p a b i l i t y  
o f  t h e  AIS Analogue t o  m i n t a i n  b i o - i n t e g r i t y  du r ing  performance of p o s t -  
s t e r i l i z a t i o n  t a s k s  on t h e  t e s t  -samples. 

TASK 4. FULL SCALE FACILITY DESIGN STUDY 

During t h i s  q u a r t e r ,  t h e  f u l l  s c a l e  d e s i g n  s tudy  has  concen t r a t ed  on t h e  
s u i t  f o r  t h e  f a c i l i t y  and on one t e n t a t i v e  p h y s i c a l  l ayou t  of t h e  f a c i l i t y .  

The s u i t ,  wich i t s  tunne l  and a s s o c i a t e d  l i f e  support  and communications 
equipment,  has been des igna ted  t h e  B i o - I s o l a t o r  S u i t  System (BISS). 
p r e l i m i n a r y  s m - n r j r  of des ign  c r i t e r i a  f o r  t h e  BISS has  been prepared t o  
d e f i n e  ground r u l e s  f o r  Fu r the r  i n v e s t i g a t i o n  and s t u d y  of t h e  s u i t  system. 
This sunzmary i s  included h e r e i n  as Appendix A.  

4 

The General  E l e c t r i c  Company (RSD) has i n i t i a t e d  a con t inu ing  ser ies  of 
d i s c u s s i o n s  w i t h  firms p r e s e n t l y  engaged i n  work on space s u i t s  o r  s p e c i a l  
i n d u s t r i a l  s u i t s .  The aim o f  t h e s e  d i s c u s s i o n s  is t o  r e f i n e  t h e  c r i t e r i a  
and t o  o b t a i n  p r e l i m i n a r y  i n d i c a t i o n s  of t h e  c r i t i c a l  a r e a s  i n  t h e  d e s i g n  
and f a b r i c a t i o n  of a BISS system compliant w i t h  t h e s e  cri teria.  To d a t e ,  
app rox ima te ly  10 p r e s e n t  s u i t  . supp l i e r s  have been con tac t ed .  

The BISS s u i t  system is  found t o  d i f f e r  i n  t h r e e  major a s p e c t s  from e x i s t i n g  
s u i t  systems: It must w i ths t and  t h e  environments of ETO/Freon decontaminat ion 
and d r y  h e a t  s t e r i l i z a t i o n ,  permit e n t r y  through a t u n n e l ,  and 
o p e r a t e  w i t h  an  inward p r e s s u r e  g r a d i e n t .  

The r e s u l t  of t h e  p h y s i c a l  l ayou t  survey o f  t h e  f u l l  s c a l e  f a c i l i t y  is 
shown i n  F i g u r e  11-5. 
Voyager-class  s a t e l l i t e  landing v e h i c l e s .  The main chamber is  60 by 80 
feet w i t h  a n  overhead of 45 f e e t .  

This f a c i l i t y  is s i z e d  t o  permit p rocess ing  of 

The a u x i l l i a r y  chamber i s  a 20 f o o t  cube. 
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B. FACILITY DEVELOPMENT (A/S Analogue) 

The Assembly/Sterilizer Analogue. design has been finalized and the vendor, 
Kewaunee Scientific Equipment, has begun fabrication and assembly. Figure 11-6 
is a pictorial representation of the present design. 

The Assembly/Sterilizer Arialogue consists of three chambers - a main chamber, an 
auxiliary chamber, and an autoclave chanber. 
be controlled dry ovens 2nd the autoclave will be a steam sterilizer. Tkc main 
and auxiliary chambers will be capable of us ing  either nitrogen o r  ethlyene 
oxide Freon-12 (ETO) as the recirculating gas. 

The main and auxiliary chanbers will 

See Figure 11-7. 

Primary sterilization shall be performed by recirculating dry heated sterile 
nitrogen, at less than 1% relative humidity within the main chamber, using 
the laminar flow principle and maintaining positive pressure within the chamber 
at all times. Although nitrogen is the gas intended for normal use, the A/S 
Analogue will be compatible with the use of other gases such asethylene oxide, 
helium and freon. 

In addition, the auxiliary chamber and autoclave chamber will be used to sterilize 
components which will be introtiuced later into the sterile main chamber after the 
primary sterilization cycle has been completed. 

Operating Temperatures 2nd Humidities of the Main and Auxiliary Chambers - The 
operating temperature range of the main chamber will be controllable from 70°F. 
to 300°F., and the operating temperature range of the auxiliary chamber w i l l  be 
controllable fron 100°P. to 300°F. 
chambers will not deviate from the set temperature by more than + 3.6'F. at any 
external temperature fron 70°F. to 80'. 
will be from 20%oto 60% from 70'F. to 90°F. The relative humidity will be l ess  
than 1% from 200 F. to 300°F. '0 ture will be controllable between 100'F. and 150°F. to within + 5 F. at a rela- 
tive humidity between 50% and 60%. At no time will 
either chamber exceed 60%. 

The temperature at any point within the 

The relative humidity i; the chambers 

the tempera- When E T 0  is the recirculating gas 

the relatTve humidity within 

Typical Thermal Load (contents within the chambers) design limits will be as follow; 

8 lbs. Phenolic Glas 
8 lbs. Steel 
8 lbs. Rubber 

Sp. Ht. .35 BTU/lb. /OF. 
Sp. Ht. .lo7 BTU/lb. /EF. 
Sp. Ht. .30 BTU/lb./ F. 

Autoclave Chanber - The operating temperature range of the autoclave chamber will 
be controllable from 216'F. to 270°F + 5 F/-O°F. over a controllable pressure range 
from 2 to 30 psig. 

0 

The chamber will be safety valved at 33 psig. 



Typical T h e m 1  Load ( c o n t e n t s  of au toc lave )  d e s i g n  l i m i t s  w i l l  be a s  
fo l lows  : 

4 l b s .  Pheno l i c  Glass Sp. H t .  -35 BTU/lb. /:F. 
4 l b s .  S t e e l  Sp. H t .  . lo7  BTU/lb./oF. 
4 l b s .  Rubber Sp. H t .  -30 BTU/lb./ F. 

12 l b s .  L iqu id  Sp. H t .  1.0 BTU/lb./OF. 

The t empera tu re  r a t e  of change on h e a t  up o r  c o o l  down w i l l  be 25'F. t o  5 0 9 .  
p e r  hour f o r  t h e  main and a u x i l i a r y  chambers. 

A f l a s h  h e a t  exchanger t o  vapor i ze  t h e  Ethylene-Oxide Freon (ETO) used i n  t h e  
system w i l l  be provided. 
t o  s t e r i l i z e  t h e  nske-up Nitrogen used i n  t h e  system. 

A 650°F.,. 1.5 second, i n c i n z r a t o r  w i l l  be provided 

Main Chainber - The main chamber w i l l  b e  of welded c o n s t r u c t i o n  and m l l  b e  
f a b r i c a t e d  us ing  304 s t a i n l e s s  s t e e l .  The nominal i n s i d e  working dlm,-._nsions 
w i l l  be  63" long x 24" deep x 30" high. 
t o  a 16  micro inch  or  b e t t e r  f i n i s h .  
v i d e d  on i n s i d e  bends and corners .  

Access doors t o  t h e  i n s i d e  of the main chamber w i l l  b e  l o c a t e d  on both ends of 
t h e  enc losu re  and w i l l  open outward. The dLmensions of t h e  doors w i l l  p e r z i t .  
a 16" diameter  d i s c  t o  pass  through t h e  plane of t h e  opening. ( A  r e c t a n g u l a r  
door of n o t  less than  12" wide by 16" high may be s u b s t i t u t e d ) .  

A l l  i n t e r n a l  s u r f a c e s  w i l l  b e  po l i shed  

A l l  welds w i l l  be  f r e e  of s u r f a c e  p c r o s i t y .  
A nominal r a d i u s  of 1/2" w i l l  be pro-  

. 

The doors  w i l l  be designed t o  i n s u r e  a s u i t a b l e  s ea l  i n  t h e  c losed  p o s i t i o n  when 
s u b j e c t e d  t o  t h e  o p e r a t i n g  te -e ra tures  and p r e s s u r e s  w i t h i n  t h e  chambers. 

A s l o p i n g  obse rva t ion  window w i l l  be  provided i n  t h e  f r o n t  of t h e  main chacber 
and mnde from h e a t  r e s i s t a n t ,  s h a t t e r p r o o f ,  g l a s s  p l a t e .  The nominal dimznsions 
of t h e  window w i l l  be 50" long x 15" high. T o  a i d  i n  t h e  r e t e n t i o n  of h e a t  
d u r i n g  t h e  s t e r i l i z a t i o n  c y c l e ,  a removable cover may be used over t h e  window. 
I f  such a cover  is provided,  two 8" p o r t s ,  s u i t a b l e  f o r  o b s e r v a t i o n  of t h e  
i n t e r i o r  of t h e  chamber, w i l l  b e  incorporated.  A l l  g a s k e t s  w i l l  be c losed  pore,  
smooth s u r f a c e  f i n i s h  m a t e r i a l . ,  

I n t e r c o n n e c t e d  e l e c t r i c a l  j u n c t i o n  pane l s  con ta in ing  t e n  t e r m i n a l s  each w i l l  be 
l o c a t e d  i n s i d e  and o u t s i d e  t h e  main chamber on t h e  back s u r f a c e .  The tern?ir.als 
w i l l  p rov ide  f o r  banana p lug  and s t r i p p e d  wi re  connect ions between t h e  i n s i d e  
and o u t s i d e  of t h e  chamber. The t e r m i n a l s  w i l l  be capab le  of c a r r y i n g  D rcinirzum 
of 2 arcperes a t  110 v o l t s  rms. The c o n t a c t  r e s i s t a n c e  w i l l  no t  exceed 0.1 0-m 
a t  50 micro-amperes dc. 

Twenty permanent-type thermocouple connec to r s ,  Conax o r  e q u i v a l e n t ,  sheathed,  
1/16" by t h r e e  f e e t  long w i l l  be provided i n s i d e  t h e  chamber. Ten w i l l  be  l o -  
c a t e d  on t h e  l e f t - h a n d  end of t h e  chamber and t h e  remaining t e n  on t h e  r i g h t -  

... . . . . . .  . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . .  
hand end of t h e  chamber. 

Two sets of gloves w i l l  be provided w i t h  t h e  chamber. 
of a s o f t ,  p l i a b l e ,  leakproof m a t e r i a l ,  and w i l l  be capab le  of r epea ted  exposure 
t o  a l l  t h e  environnents  s p e c i f i e d  f o r  t h e  equipment. 

. . . .  . .  . . . . .  . .  . . . .  . . . . . . .  . . . .  . . . . .  . . . . . . . . .  . . . . .  : . . .  . .  
, : :.* _. ; ' . .. :..;' .....'..: ,:. *. . .  iC : . .  
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The chamber w i l l  be  capable  of being purged w i t h  d r y  n i t r o g e n  u n t i l  a l l  of t h e  
a i r  i s  removed. (Approximately 20 volume changes per hour) .  Flow r a t e  meters  
w i l l  be provided. 
main chamber atmospheres. 

P rov i s ion  w i l l  be inco rpora t ed  f o r  b i o l o g i c a l  a s say  of t h e  

The chamber w i l l  be capable  of continuous r e c i r c u l a t i o n  of t h e  gas a t  a pre -  
s e l e c t e d  v e l o c i t y  between 10 and 90 fpm whi l e  inaintaining t h e  chamber i n  
accordance wi th  the environnents  s p e c i f i e d  i n  3 p e r n t i n g  Temperature and HumidLiy 
requirements .  
t o  t h e  main chamber. The gas  l i n e  f r o m  t h e  i n c i n e r a t o r  t o  t h e  chamber w i l l  be  
s t e r i l i z a b l e .  

The makeup n i t r o g e n  gas w i l l  be i n c i n e r a t e d  p r i o r  t o  e c t r a n c e  

Two f i l t e r s  w i l l  be  provided i n  the  d e s i g n  of t h e  main chamber. One, a p re -  
f i l t e r ,  w i l l  be  l o c a t e d  i n  the  floor- o f  t h e  cnamber and t h e  o t h e r ,  a f i n a l  
f i l t e r ,  w i l l  b e  l o c a t e d  i n  the top of  t h e  chamber. 
removable f o r  c l e a n i n g  or replacement without  disassembly of t h e  chaT.ber. The 
f i l t e r s  w i l l  be such t h a t  t h e  gas-borne p a r t i c l e  count w i t h i n  t h e  chaDber w i l l  
n o t  exceed a t o t a l  of 100 p a r t i c l e s  p e r  cubic  f o o t  of 0.5 microns and l a r g e r .  

Both f i l t e r s  w i l l  be r e a d i l y  

The a u x i l i a r y  and a u t o c l a v e  chambers w i l l  be a t t a c h e d  t o  t h e  back of t h e  miin 
chamber. 
and t h e  main chamber w i l l  b e  such t h a t  t h e  doors can be r e a d i l y  opened with a 
gloqed hand. The f l o o r  
of t h e  main chamber w i l l  be a g r a t i n g  wi th  openings of 1/2" squa re  up t o  1 / 2 " .  
by one inch. 

The des ign  of t h e  doors between t h e  a u x i l i a r y  and a u t o c l a v e  chambers 

The doors w i l l  open and s l i d e  i n  a h o r i z o n t a l  plane.  

The A/'S Analogue w i l l  be  so designed t h a t  t h e  o u t s i d e  s u r f a c e  temperature  of t h e  
chamber w i l l  n o t  exceed 100°F a t  any o p e r a t i n g  temperature  and an ambient t e q e r -  
a t u r e  of 70°F t o  80°F. 

The main chamber w i l l  maintain a c o n t r o l l a b l e  p r e s s u r e  g r a d i e n t  equ iva len t  t o  
4" o f  water. The chamber w L 1 1  not e x h i b i t  any l e a k  g r e a t e r  t h a n  l r 5  scc / sec .  
of hel ium a t  a p r e s s u r e  equivalent  t o  G" of wa te r ,  when measured with a helix! 
leak d e t e c t o r .  

. . .  .. . . . . . .  . . . . . . .  I . . . . .  . . . .  . . . . . . .  . a :  ..... . . .  . . .  . . .  * . * .  . . . . . .  . . . .  . . . . .  .* . .  . .  : . . -  . .  . .  
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A u x i l i a r y  Chamber - The a u x i l i a r y  chamber w i l l  be designed and c o n s t r u c t e d  
i n  accordance w i t h  t h e  rcquirernents s p e c i f i e d  under t h e  main chamber 
d e s c r i p t i o n ,  except  t h a t  t h e  appros ixa te  s i z e  s h a l l  be  JO" s q u a r e  :< 16'' 1 ~ ~ 2 .  
The a c c e s s  door  t o  t h e  au : . i l i a ry  chamber xi11 be loca ted  on t h e  back of  5 e  
chamber and w i l l  be  of a s i z e  t o  pe rmi t  c o q l t t e  u n i n h i b i t e d  access  t o  t k - 2  
chamber. She lves  w i l l  be  provided s o  t h e  work p i e c e s  may be  withdrawn. ';'ne 
s h e l v e s  w i l l  be  capab le  o f  being withdravm e i t h e r  i n t o  t h e  main chamber f r o 3  
t h e  f r o n t  o r  o u t  o f  t h e  a u x i l i a r y  chamber from t h e  back. 

S i x  thermocouples ,  Conax 'or  e q u i v a l e n t ,  w i l l  b e  provided or s u f f i c i e n t  l e c g t h  
t o  a l l o w  t h e  themocoup les  t o  be  d isconnec ted  from t h e  chamber c o n t e n t s  
w i t h  t h e  gloved hand when t h e  she lves  are wtthdrawn i n t o  t h e  main chanber.  
The chamber w i l l  be capab le  of being purged w i t h  d r y  n i t r o g e n  u n t i l  a l l  of  
t h e  a i r  i s  removed. (Approximately 20 volume changes p e r  hour) .  Flow 
rate mcters w i l l  be provided.  

The a u x i l i a r y  chamber w i l l  be  capable  o f  r e c i r c u l a t i n g  t h e  gas  i n  a 
p a t h  independent  of  t h e  main chamber and w i l l  n o t  be  laminar  flow. 
f i l t e r  s h a l l  be  provided i n  t h e  design of  t h e  a u x i l i a r y  chamber and w i l l  be  
capab le  o f  be ing  removable f o r  c l ean ing  o r  replacement wi thout  d i sassembly  
of t h e  chamber. . 

One 

The f l o o r  o f  t h e  a u x i l i a r y  chamber w i l l  be  designed t o  permit a gas 
f low rate from 10 t o  90 fpm w i t h  a p r e s s u r e  i n  t h e  chamber e q u i v a l e n t  t o  
4" of water. The o u t s i d e  s u r f a c e  o f  t h e  a u x i l i a r y  chamber w i l l  n o t  exceed 
100°F a t  any o p e r a t i n g  t enpe ra tu re  and an ambient tempera ture  of  70°F t o  80°F. 
The a u x i l i a r y  chamber w i l l  maintain a c o n t r o l l a b l e  p r e s s u r e  g r a d i e n t  equi-.?alent 
t o  4" of  water. The chamber w i l l  no t  e x h i b i t  any l e a k  g r e a t e r  t han  10-5 
s c c / s e c .  -a t  a p r e s s u r e  equiva len t  t o  4" of  water when measured wi th  a n e l i c x  
l e a k  d e t e c t o r .  

Au toc lave  Chamber - 
p r e s s u r e  type  v e s s e  
o p e r a t i n g  p r e s s u r e s  

The au toc lave  chanbcr  w i l l  be  a h o r i z o n t a l ,  vacuum 
1 of  approximately 18" diameter  x 26" long ,  designed f o r  
up t o  30 ps ig .  The a u t o c l a v e  chamber w i l l  be  s a f e t y  
A l l  d e t a i l s  of d e s i g n ,  materials and c o n s t r u c t i o n  w i l l  va lved  a t  3 3  p s i g .  

meet o r  exceed t h e  requirements  o f  t h e  American S o c i e t y  of  Mechanical Engizeers  
code  f o r  u n f i r e d  p r e s s u r e  ves se l s .  The chamber w i l l  be  of welded c o n s t m c t i o n  
and f a b r i c a t e d  u s i n g  304 s t a i n l e s s  s teel .  

The access door  t o  t h e  au toc lave  chamber w i l l  be l o c a t e d  on t h e  back of  t h e  
chamber and w i l l  b e  of such a s i z e  as t o  pe rmi t  u n i n h i b i t e d  access t o  t h e  
chamber. The door  w i l l  be  o f  the  r a d i a l  l ock ing  arm type.  She lves  w i l l  
be p rov ided  i n s i d e  t h e  chamber and w i l l  be  capab le  o f  p e r m i t t i n g  t h e  work 
pieces t o  be withdrawn. 

9 

S i x  thermocouples ,  Conax o r  e q u i v a l e n t ,  o f  s u f f i c i e n t  l e n g t h  t o  a l low t h e  
thermocouDles t o  be  disconnected from t h e  au toc lave  con ten t s  w i t h  t h e  gloved 

_ .  . " ; .,.. * .>. - .  . '  . .. _ .  . . .  . q .:.. . . . .  
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.hand when' . . . . . .  t h e  . s h e l v e s  are w1;thdrawn i n t o  t h e  main chamber w i l l  be  . .  supp l i ed .  . . . . .  . . .  . . . .  a .  . . . .  -.;: ..' ,, .; .. , .: . . ..... . . : : . . . . .  . ._ . :. . .  :. . _. 

The  a u t o c l a v e  chamber w i l l  have a d r a i n  l i n e  wi th  a t h e r m o s t a t i c  t r a p .  A n  
a d j u s t a b l e  va lve  vi11 be provided t@ a d j u s t  t h e  exhaust  r a t e  from 2 t o  2'2 Zinutes .  
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~ , The a u t o c l a v e  chamber w i l l  be capable  o f  being purged w i t h  d r y  n i t r o g e n  
(approximately 20 volume changes p e r  hour) .  A f t e r  t h e  c o o l i n g  c y c l e ,  and  
d u r i n g  pu rg ing ,  t h e  a u t o c l a v e  w i l l  main ta in  a p o s i t i v e  p r e s s u r e  r e l a t i v e  
t o  ambient. 

The ra te  of steam admission w i l l  be c a p a b l e  of r a i s i n g  t h e  a u t o c l a v e  chamber 
p r e s s u r e  from 28 m Hg t o  30 psig i n  f i v e  minutes  w i t h  an  empty c h a i b e r .  
low water l e v e l  c u t - o f f  w i l l  b e  inco rpora t ed  i n t o  t h e  d e s i g n  of t h e  steam 
generator 

A 

1 
i 
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Figure'II-6 .- Assembly/Sterilizer Analogue 
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111. ACTIVITY PLANNED FOR NEXT QUARTER (TEROUGH 21 JLWARY 1966) 

A. PROGRA!! TASKS 

TASK 1. TEST SAMPLE 

Diring the next quarter, the test sample fabrication and acceptance testing 
will be completed. 
and held in controlled stock ready for the perforrance of the feasibility 
demonstration of Task 2. 
samples is presented in Figure 11-4. 

Tne semi-assenbled test samples will be sealed in bags 

The manufacturing flow for the fabrication of these 

TASK 2. TEST PROGRAM AND DEMONSTRATION 

During the next quarter, the detailing of the test plan will be continzed 
to provide necessary instructions for workers who will operate the Assembly/- 
Sterilizer Analogue. Training programs will be Initiated to indoctrinate 
these personnel in the pro=edures required F o r  the Frocessing of sterile 
hardware and to become familiar with the Assembly/Sterilizer .Analogue 
concept and operation. 

The clean room will be prepared for installation of the Asserbly/Sterilizer 
Analogue. 
utilities and a disposal system to process gases purged from the Assembly/- 
Sterilizer Analogue and the water from the chamber coolers. 

This will include the provision of necessary services and 

TASK 3.  B'IO-ASSAY 

Biological assay materials will be accumulated and Sterility Control Speci- 
mens will be fabricated. These specimens will be prepared by seeding with 
known oiganisms as described in Appendix A of the Test Plan. The resident 
pDpulation will then be cmnted and the storage stability of t h e  population 
will be ascertained by biological assay. 

The biological assay procedures, defined in the Test Plan Appendix A, will 
be detailed to instructions f o r  the biological technicians perforzing the 
assays in the test programand demonstrations. These techniclsns will also 
participate in the indoctrination in the Assembly/Sterilizer ,Analogue con- 
cept and operation. 

During the manufacture of the test samples, the clean work areas and the 
in-process test samples will be bio-assayed in accordance with the procedures 
defined in Appendix A of t h e  Test ?l=nG 

TASK 4. FULL SCALE FACILITY DESIGN STUDY 

During this quarter, the study will be continued. 

' layoljt .  &il';&. m,ide. '' F f & r  .plahs ' and"pre1isiin'ary' e!.&ations .':or this' laydut' ' . ' '* 

will be prepared. 

Alternate layouts of the, 
. ' . -  . . . . . .  facility . . . . _ . . .  wi.11 be consj.,dered,and.a tentative .selection of the ,=st desirable . 

. * .  . I . . ? .  
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I .  

The requirements  of  t h e  f u l l  s c a l e  f a c i l i t y  w i l l  be  de f ined  i n  a p r e l i m i n a r y  
f a c i l i t y  c r i t e r i a  summary which w i l l  d e f i n e  t h e  t e c h n i c a l  ground r u l e s  f o r  
t h e  con t inu ing  study. 

Block d i ag rzns  w i l l  be prepared  desc r ib ing  t h e  f low of gases  i n t o ,  through 
and o u t  of  t h e  f a c i l i t y ,  and also t o  d e s c r i b e  t h e  c o n t r o l  s y s t e m  n e c e s s a r y  
t o  main ta in  t h e  atmosphere environments as de f ined  i n  t h e  c r i t e r i a  summar).. 

A p r e l i m i n a r y  o p e r a t i n g  p l a n  w i l l  be  p repared  d e s c r i b i n g  t h e  sequence of 
e v e n t s  encountered du r ing  t h e  ope ra t ion  of t h e  f u l l  sca le  f a c i l i t y .  

B. FACILITY DEVEtOPb!E;T 

During t h e  q u a r t e r ,  t h e  Asse rnb ly lS tc r i l i ze r  Analogue f a b r i c a t i o n  and a s s e c b l y  
w i l l  con t inue  p r e p a r a t o r y  t o  acceptance tests a t  t h e  s u b c o n t r a c t o r ' s  p l a n t .  

A d e t a i l e d  performance t e s t  s p e c i f i c a t i o n  w i l l  be  prepared  f o r  acceptance  
t e s t i n g  of t h e  Assembly /S te r i l i ze r  Analogue a t  t h e  s u b c o n t r a c t o r ' s  p l a n t  and 
a l s o  f o r  checkout o f  t h e  i n s t a l l e d  f a c i l i t y  a t  Genera l  E l e c t r i c  C o p a n y ,  
Re-ent ry  Systems Depar tnent ,  P h i l a d e l p h i a ,  Pa. These t e s t s  w i l l  be based 
on p h y s i c a l  measurement o f  t h e  Assembly /S te r i l i ze r  Analogue performance 
i n c l u d i n g  t h e  c a p a b i l i t y  Qf i s o l a t i n g  t h e  atmosphere i n s i d e  t h e  analogue 
fmm t h e  ambient environment.  This  i s o l a t i o n  w i l l  be  measured b y  a l e a k  
d e t e c t i o n  p r o c e s s  u s i n g  a r e a d i l y  d e t e c t a b l e  gas  such  as hel ium o r  F?ZON. 
The i s o l a t i o n  measurements, based on l eak  t e s t s ,  w i l l  be c o n f i m e d  by 
b i o l o g i c a l  t e s t i n g  i n  t h e  T e s t  Program and Demonstration. 
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IV. PROBLEM AREAS 

The on ly  problem t h a t  has occured du r ing  t h e  f i r s t  q u a r t e r  involved t h e  d e l i v e r y  
schedule  of t h e  AfS Analogue tb  GE-RSD by t h e  s u b c o n t r a c t o r .  
been rescheduled f o r  two months l a t e r  than p r e v i o u s l y  scheduled.  Th i s  problem 
was apTarent  d u r i n g  t h e  second month of t h e  program and was r e p o r t e d  i n  t h e  
Second Monthly Report .  A t  t h a t  time, however, t h e  d e l i v e r y  d e l a y  was no t  expected 
to be extended a s  long a s  two months. 

Th i s  d e l i v e r y  has  

The schedule  problem d e r i v e d  b a s i c a l l y  from two s o u r c e s ;  s u b c o n t r a c t ' s  o v e r l y  
o p t i m i s t i c  p l ann ing  and subcon t rac to r  d i f f i c u l t i e s  i n  o b t a i n i n g  comi t r ? . en t s  f r o n  
h i s  s u p p l i e r s .  The l a t t e r  has been p a r t i c u l a r l y  d i f f i c u l t  t o  overcome due t o  t h e  
f a c t  t h a t  eve ry  major assembly i n  the analogue i s  a s p e c i a l  i t em whi.ch c u s t  be 
s p e c i a l l y  f a b r i c a t e d  f o r  t h e  program o r  an  "o f f - the - she l f "  d e s i g n  t h a t  must be 
modif ied.  

The d e l i v e r y  d a t e  has  been n e g o t i a t e d  with t h e  s u b c o n t r a c t o r ,  and he h a s  
g i v e n  a s su rance  of meeting t h e  re-scheduled d a t e .  

I n  view of the  s l i p p a g e  i n  d e l i v e r y  of t h e  A/S Analogue and t h e  importance of 
t h i s  i t e m  d i r e c t l y  r e l a t e d  t o  c o n t r a c t  performance, t h e  program a c t i v i t i e s  have 
been re-scheduled encompassing the new d a t e  w h i l e  s t i l l  p r o v i d i n g  a l o g i c a l  
program a c t i v i t y  sequence. 

The e f f e c t  of t h i s  d e l a y  i n  th d e l i v e r y  of the AIS Analogue w i l l  be t o  extend 
t h e  complet ion d a t e  of t h e  demonstrat ion program t o  week 24, and t h e  f i n a l  r e p o r t  
t o  week 2 6 .  A program schedule  showing r e v i s e d  schedule  d a t e s  is shown i n  F i g u r e  
IV-1. 

. .  . .  
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PROGRAH GO-AHEAD 

1. A I S  ANALOGUE 

e) P R E P A R E  S P E C I F I C A T I O N  

b) S U B C O N T R A C T O R  GO-AHEAD 

c )  D E S I G N  

- d )  D E S I G N  R E V 1 R . i  

e)  

f )  A C C E P T A N C E  AT SUBCONTRACTOR 

g )  D E L I V E R ,  I N S T A L L  & CHECKOUT 

FABR I C A T  I O N  

I ! .  T E S T  S A M P L E  (CONTRACT T A S K  1 )  

a )  D E S I G k  

bf  DES IGN R E V 1  Ek 

c )  ENG, MODE 1 & T E S T S  

d )  F A B R I C A T I O N  

e)  A C C E P T A N C E  T E S T S  

1 1 1 .  M A N I P U L A T I O N  T E S T ,  S T E R I L I Z A T I O N  

4 
a)  T E S T  P L A N N I N G  

b) H A N l P U L A T l O N  T E S T I N G  

c )  S T E R I L I T Y  V E R I F I C A T I O N  

d )  fEAS I6 I L l T Y  D E H O N S T R A T I O N  

I V .  B I O A S S A Y  ( C O N T R A C T  T A S K  3) 

a)  A S S A Y  P L A N N I N G  

b) A S S A Y  PERFORMANCE 

V. F U L L  S C A L E  F A C I L I T Y  D E S I G N  STl jDY 
-ACT f A S K  41 

V I .  A E P O R T  I N S  

MONTHLY L E T T E R  R E P O R T  

H 9 N T H L Y  F I NANC I A L  R E P O R T  

T E S T  P L A h  

QUARTERLY P RO G R E S  S R E P O R T  

F I N A L  O R A L  P R E S E N T A T I O N  

FINAL R E P O R T  

V I  I .  CONTRACT ADtI I N I S T R A T  ION 
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Figure IV-1  - Program Schedule 
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9 September 

23 September 

28 September 

1 October 

20 October 

V. TRIPS AND VISITS 

J. Crawford GE to KSE 

R. Hueshen LRC to GE 
Dfscuss Test Samples 
and General Test Components 

G. Von Wahlde 
and G. Saundcrs 

J. Crawford et a l .  
Presentation 

G. Von Wahlde 

I .  
I -  

KSE to GE 

GE to LRC 

KSE to GE 
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P R E  L I Pi4 I N A R Y 

A P P E N D I >( A 

B I S S  S 'r' S I' E Pvl CRITERIA SUMMARY 

A. CONFIGURATION 

The configuration is not res t r ic ted except that concept shall  be consistent with Figure 
I and the suit and tunnel shall  be inside the s te r i le  a rea ;  the life support subsystem 
equipment, other than that in the suit or tunml,  shall  be outside the s te r i le  area.  The 
sui t  and tunnei may be 3 permanently sealed single unit or the su i t  may be detachable 
(for maintenance but not operationally). The design may include a "suit  within a suit" 
if this i s  the best  solution to achievement of functional requirements. The skin of the 
sui t  and tunnel may be of single layer o r  laminated construction. As a design objective, 
the suit shall  accommodate male technicians covering the maximum range of height ar,d 
weight, ar,d other cr i t ical  anthropometric parameters ,  which can be included without 
creating fit discrepancies of sufficient magnitude to affect performance of the most 
deviant acceptable worker.  If the tunnel i s  not self-supporting when fully extended 
with a man in the  sui t  performing normal physical tasks (not lying down), the con- 
figuration shall  include tunnel, support by using light weight telescoping boom o r  
s imi l a r  means. 

B. BIO-INTEGRITY 

The bio-integrity of the su i t  and tunnel shal l  be demonstrated by helium leak test. 
Alternative measurements of bio-integrity will be considered. At  no t ime shall  the 
barrier between the s te r i le  a r e a  and the outside be interrupted. The suit and tunnel 
must  be highly impervious to puncture, rup twe ,  o r  other failure which would violate 
the ba r r i e r .  When operated in accord.mce with the requirements herein,  the BISS 
sha l l  have a probability of l e s s  than one chance in lo J  of permitting microbial 
penetrations, 

C . TECH N IC I AN EN V I RON M EN T 

The system shall  provide a healthful, comfortable environment for the technician in the 
suit  performing light manual labor. A s  a minimum, the system shall  provide control 
of: (1) gases  breathed o r  in contact with the body (including removal of noxious o r  toxic 
gases), (2) humidity of gases brezithed er in contact with the body, (3) temperature of 
gases breathed, and (4) body temperature of the technician. Suit inside pressure  shai i  
be nominally room ambient (i. e . ,  4 inches of water less  than the sterile area).  
Consideration shall  be given to providing the technician limited quantities of drinking 

. . .  . . .  . . . . .  . .  . . .  . . . . .  . . . . . . . . . .  . -. " *: . '. . '. .: a. . . .  , water. There are no requir.ements for waste manqement .  
. . .  ., . .  . .  

. .  
. .  .. ' .. ,. ' 
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D. T E C H N I C I A N  SAFETY 

The highest priority in the design of the sys tem shall  be given to  the safety of 
technician in the suit. This shall  include, ~ L S  a minimum, reliability of life support 
equipment and emergency provisions for a iechnician to  leave the suit through the 
hatch rapidly,  aided o r  unaided. Consideration snall be given to rapid remcvnl of a 
faint o r  unconscious technicinn from the suit .  At no t ime will a man in  a sc i t  be 
alone in the s ter i le  main chamber  of the Xssembly/'Stcrilizer; and at no t ime will a 
man be in the su i t  without back-up personnel outside the sterile area. 

E. HUMAN FACTORS 

The  sys tem shall  be designed to  high standards of human engineering practice. 

1. ENTRY AND EGRESS 

The  design shall  provide mavimum ease of entry to  and eg res s  f rom the suit  through 
the tunnel. It is anticipated that the tunnel will be contracted during entry and egress .  
Any specialized equipment required to aid entry or egress shall  be considered as 
part of the system. 

2. VISIBILITY 

The  design shall  not l imit  the visibility of the technician either by obstruction o r  by 
aberration. Provision shall  be made for the prevention of fogging of the face plate. 
T h e  design shall  accommodate a technician wearing eyeglasses. 

3. MOBILITY 

The  design shall permit  maximum mobility of the technician with free movement of all 
body joints. The technician shal l  be capable of unrestricted movement throughout a sen:i- 
c i r cu la r  region up to  at least 20 feet f rom the hatch. Consideration shal l  be given to 
increasing this distance to 60 feet. The design shal l  permit  the technician to circle 
back s o  that the tunnel forms a rough circle from the hatch to the suit. The mobility 
sha!! he sufficient to  permit one suited worker to assist a second one in emergency 
removal  of a man from the chamber. 

4. MAKUAL DEXTERITY 
.. . .  . .  ' .. . .  . . . .  . . _  . .  

. a .  
. .  

. .  . .'.* ' 

' T h e  su i t  shdl.not'sib.nifica&ly reduce the technican's m'anual dexteritf;. * '  . . 

. . . ._. . -  . .  
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5 .  CO>IMUiL?CATION 

The design shal l  incorporate provisions fo r  ora l  communication between the tccllnicim 

in the sterile area.  
and personnel outside the  s te r i le  area and between technicians in two or more  s u i t s  

ragraph C above, the s:;stem s i n  

F. H Y G I E N E  

In addition to satisfaction of the requirements of P I 
. .  incorporate provisions for exchange of technicians with a nliliimurn of dels:; az:! r:tn.x;! 

presenting offensive or  unhygienic conditions for the second technician. Satisisction o i  
this requirement may require  an approach of a "suit within a suit. '' 

G. EQUIPMENT ENVIRONMENT 

1. OUTSIDE STERILE AREA 

The environment outside the*steri le a r ea  shall  be assumed to  be a minimally air- 
conditioned industrial environment for both operating and nonoperating conditions. 

2. IYSIDE THE STERILE AREA 

The  s te r i le  area will be at a pressure of four inches of water above the pressure inside 
the  suit. 

The  equipment inside the sterile area  shal l  be designed to withstand repeated cxposcre 
to d r y  heat (nominally 1% RH o r  less)  in an inert  atniosphere (Ng) at tem;iera:xc's 1;p 
to 300°F and exposure to ethyleneoxide/freon 1 2  (12-''/8Ss) at  temperntur ts  t:? C >  15 .'F 
at one atmosphere pressure  (absolute). (The technician i s  not in  the suit  ~ d e r  these 
conditions. ) Retention of E T 0  by the su i t  a f te r  this cycle shall be less than CJ ' 1 1  1:nrts 
per million in the sui t  niaterial in contact with the worker and shall not c3-c LTO 
contamination of the sui t  atmosphere greater than 50 parts  per  million. 

The sui t  and tunnel outer surface cleaning shall  consist  of scrubbing with deterccnt, 
r insing with water then wiping down or spraying wit:? a microbicidal agent s~;ch iU 70  
percent  ethanoi or  isopi-cpanl  at ambient temperature. 

An'additional environment for  the soles  of suit feet  is abrasion by the floor of  t L  ..e s:c,riic 

area which is a grating with nominal ope1:ings of one to two inches squnrc. nnci 3 f ~ ~ ~ ! : : : z ~ l  
web t.hichiess of 1/8 inch or less. Abrasion by this grating is also an envirm.. 
the s ~ t  and tunnel if a Suited worker falls. 

m1 c!;: :\I r 

. . ,. . .. . .. . .. . . 

'* : , 

'' . . . . . . .  
* .  
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With the worker in the suit, the s te r i le  a r ea  shall  have a temperature of 70" to 80°F 
and a relative humidity of less  than 30 percent. 

3. INSIDE THE SUIT A h 9  TUNIJTL 

The environment inside the suit and tunnel shal l  be the technician environment (Pzra- 
graph C above) when the worker is in  the suit.  

When the worker is not in the sui t ,  the special  environments a r e  cleaning 2nd sui t  
sterilization. Suit inner surface c1ea:iicZ will include detergent wash, r insisg v.-iKh 
water ,  wiping down or  spraying with a microbicidal q e n t  such ;?s 70 perceiit e;?,mol 
or  isopropanol. When the oiitside of the sui t  is being steri l ized, the inside cf the suit 
will reach a temperature of up to  essentially 300°F. During this treatment the gas 
in  the sui t  will be air of normal atmospheric composition. 

H. BlSS ENDURANCE 

The sys tem shal l  be  designed €or not less than ( la ter)  hours of continuous trouble- 
f r ee  operation without maintenance beyond replacement of f i l ters o r  expendable supplies 
in the life support subsystem. The equipment of the system other than the suit and tunnel 
sha l l  be designed for a total life of not l e s s  than (later)  hours. The sui t  and tuinel  may 
be replaced at shor te r  intcrvals. 

The sui t ,  tunnel, hatch, and all equipment integral thereto shall  be capable of nvith- 
standing, without violation of any design c r i te r ia ,  20 cycles each of dry  heat,  ETO/ 
freon, and cleaning as described in Paragraph G. 2. 

1. .STERILE MAINTENANCE 

The design shall  permit a t  least  one replacement of the tunnel and suit  without jeopardiz- 
ing the  s ter i l i ty  of the s te r i le  area.  

. . . . . . .  .... ... .... . . . . . .  . . .  . . . .  . . . . .  . . . . . . . . .  : . . . .  C .  .: . . .  . .  . . ,  . . . . .  
. .  . .  . .  
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APPENDIX B 

TYPICAL OPERATING PLAN 

, - .  

I. A/S ANALOGUE PREPARATION 

P r i o r  t o  i t s  use a s  a f a c i l i t y  f o r  s t e r i l i z a t i o n ,  assembly and checkout of 
equipment, t h e  A I S  Analogue w i l l  be p u t  through a r i g o r o u s  c l e a n i n g ,  p r e p a r a t i o n  
checkoff and bio-load r e d u c t i o n  cyc le .  

A. Cleaning 

1. Open a l l  &JS Analogue doors and remove a l l  removable items such as 
r a c k s  , t o o l s  , and f i l t e r s .  

2 .  Scrub a l l  e x t e r n a l  s u r f a c e s  w i t h  d e t e r g e n t  s o l u t i o n  followed by 
d i s t i l l e d  wzter  r i n s e  and decontaminat ion w i t h  70% e thano l  o r  
70% i sopropana l  

3. Clean a l l  removable items a s  i n  (2) above. 

4. Clean a l l  a c c e s s i b l e  i n t e r n a l  s u r f a c e s ,  a s  i n  ( 2 )  above, working 
from innermost p a r t s  outward i n s t a l l i n g  removable i tems a s  
a p p r o p r i a t e  s t a i e s  of c leaning.  Close o f f  each s e c t i o n  a s  i t  i s  
cleaned.  

NOTE: Examine f i l t e r s  c a r e f u l l y  f o r  c l e a n l i n e s s  and c o n d i t i o n  
b e f o r e  i n s t a l l i n g .  

B. Check-Off 

The check-off procedure w i l l  bo, def ined l a t e r .  

C. Bio-Load Reduction 

A f t e r  c l e a n i n g  and check-off ,  the main chamber, a u x i l i a r y  chamber, and 
a u t o c l a v e  w i l l  be s u b j e c t e d  t o  s t e r i l i z a t i o n  c y c l e s  f o r  b i o l o g i c a l  load 
r e d u c  t i o n .  

The load r e d u c t i o n  c y c l e s  f o r  the main and a u x i l i a r y  chambers s h a l l  be 
d r y  h e a t  c y c l e s  a s  s p e c i f i e d  below. (ETO/Freon may be employed a t  t h e  
o p t i o n  of t h e  d i r e c t o r  of AIS Analogue o p e r a t i o n s ) .  

The load r e d u c t i o n  c y c l e  f o r  t h e  a u t o c l a v e  shall be t h e  d r y  load c y c l e .  
d e s c r i b e d  below. 

11. MAIN CHAMBER OPERATION 

A. Set-up and Leak Check. 

. 1, . .  . P.lace e.quipment t o  be s ~ . e r i l i . z e d ,  .tools., test. c a b l e s ,  e c c . ,  i n  : . .  . 
. the 'chamber i n  such a manner a 's '  t o  miximize c o n t a c t  of t h e  ehinber .  

.. .. 
. - .  *. 2 '  II . . . *. . '. . *  . .  

atmosphere wi th  the chamber c o n t e n t s  and t o  minimize d i s  turbnnce 
of t h e  subsequent laminar f 1 . 0 ~ .  Connect thermocouples t o  t h e  
thermocouple j u n c t i o n  panel  and a t t a c h  the sens ing  end t o  t h e  
equipment i n  the  chamber. 
main chamber through t h e  end d o o r s ,  t he  a u x i l i a r y  chamber, o r  
t h e  a u t o c l a v e .  

The equipment may be passed i n t o  the  

B-1 
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2 .  c l o s e  and s e a l  t h e  end doors of t h e  chamber and i n n e r  doors  
of t h e  a u x i l i a r y  chamber and au toc lave .  

3.  I n i t i a t e  t he  laminar  flow. 

4. Purge t h e  a i r  from the  chamber and f i l l  i t  w i t h  hel ium t o  a 
p r e s s u r e  of 4" of v a t e r  above ambient. 
seams and s e a l s  f o r  l eaks  u s i n g  a helium l e a k  d e t e c t o r  o r  
equ v a l e n t .  

Check gloves and a l l  

T o t a l  leakage a t  any one p o i n t  shall n o t  exceed 
10 -f s c c / s e c .  

B. ETO/Freon Cycle 

1. Perform IEA, .  above f o r  set-up ar.d l e a k  check. 

2.  Main ta in ing  laminar  flow of t h e  chamber atmosphere,  purge t h e  
hel ium from t h e  chamber and f i l l  i t  w i t h  ETO/Freon (12%/88%) 
t o  a p r e s s u r e  of 4" of w a t e r  above ambient ,  (nominal ly  20 
changes of gas) .  

3.  Raise  t h e  chamber temperature ,  a t  a r a t e  of 25 0 F. t o  50°F p e r  hour,  
t o  t h e  p r e s e l e c t e d  temperature i n  the  range of 100.OF. t o  150°F., 
ma in ta in ing  chamber p r e s s u r e  by b l eed -o f f .  

4. Maintain t h e  s e l e c t e d  chamber temperature  f o r  a pe r iod  of 2 t o  
24 hours  ( 2  h r .  a t  150°F., 24 h r .  a t  100'F.). The chamber 
p r e s s u r e  and a r e l a t i v e  humidity of 50% t o  60% s h a l l  a l s o  be 
maintained.  

5 .  A t  t h e  complet ion of the h i g h  temperature  dwelld r e t u r n  chamber 
temperature  t o  ambient a t  a r a t e  of 25OF. t o  50 F. p e r  hour ,  
ma in ta in ing  chamber p re s su re  by make-up w i t h  ETOIFreon. 

6. Main ta in ing  a p o s i t i v e  chamber p r e s s u r e ,  purge t h e  ETO/Freon 

o f  4" of wa te r  above ambient. (nominally 20 changes of g a s ) .  
When t h e  n i t r o g e n  atmosphere has been e s t a b l i s h e d ,  t h e  r e l a t i v e  
humidity shall be 20% t o  607. a t  ambient temperature .  
probably be necessa ry  t o  cool  t he  r e c i r c u l a t i n g  gas d u r i n g  the  
n i t r o g e n  f i l l  t o  prevent  ove rhea t ing  t h e  chamber c o n t e n t s .  

from t h e  chamber and f i l l  w i th  s t e r i l e  n i t r o g e n  t o  a p r e s s u r e  

It w i l l  

NOTE: It s h a l l  be p o s s i b l e  t o  ma in ta in  t h e  chamber f o r  a n  extended 
p e r i o d  i n  t h e  s t a t e  it i s  l e f t  i n  immediately fol lowing 
s t e p s  5 o r  6. 
make-up wi th  ETO/Freon o r  s t e r i l e  n i t r o g e n  r e s p e c t i v e l y .  

Chamber p r e s s u r e  s h a l l  be maintained by 

C. Dry Heat 

The d r y  h e a t  c y c l e  may be performed e i t h e r  a f t e r  s e t -up  and l e a k  check or  
a f t e r  t h e  ETO/Freon c y c l e  i n  t h e  main chamber. 

. . . .  . . . . . .  . . . . . . .  . . . . .  O n r u  s.teps 1. and. 2 below. i f  .ETO/FTe.On cy'c.le precedes .dr.y heat. -. ' . .  . . . . . . . .  . . .  . .  . .  . . '  . .  . .  ".. . - .  

1. Perform X I A  above f o r  s e t -up  and l e a k  check. 

. . . .  . . . . .  . . . . . . .  . . . . . .  
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2. Main ta in ing  laminar flow of t he  chamber atmosphere,  purge 
t h e  helium from t h e  chamber and f i l l  i t  w i t h  s t e r i l e  n i t r o g e n  
t o  a p r e s s u r e  of 4" of water above ambient (nominal ly  20 
changes of g a s ) .  
gas  d u r i n g  the n i t r o g e n  f i l l  t o  prevent  ove rhea t ing  of chamber 
cort tents .  Khen t h e - n i t r o g e n  atmosphere has been e s t a b l i s h e d ,  
t h e  r e l a t i v e  humidity s h a l l  be 20% t o  60% a t  ambient temperature .  

It may be necessa ry  t o  cool  t he  r e c i r c u l a t i n g  

NOTE: Cooling r e q u i r e d  may be l i m i t e d  t o  thab which w i l l  l i m i t  
r a t e  of chamber hea t ing  t o  25'F. t o  50 F. p e r  hour and 
w i l l  p r even t  chamber temperature from exceeding the  p r e s  
s e l e c t e d  s t e r i l i z a t i o n  temperature .  
t h i s  sane l i m i t a t i o n  may be placeti  on s t e p  (6) of t h e  
ETO/Freon c y c l e  when i t  i s  t o  be followed by d r y  h e a t .  

A s  an  o p e r a t i n g  p i a n  

3. Raise  t h e  chamber temperature ,  a t  a r a t e  of 25'F. t o  5OoF.. p e r  
hour ,  t o  t h e  p r e s e l e c t e d  temperature in t h e  range of 70°F. t o  
300°F. main ta in ing  chamber p r e s s u r e  by b l eed -o f f .  

4. Main ta in  t h e  s e l e c t e d  chamber temperature  f o r  t he  s p e c i f i e d  
pe r iod6  
a t  221 F . ,  when temperoture is measured a t  t he  c o l d e s t  p o i n t  
on t h e  equipment i n  t h e  chamber. 
300°F., t h e  chamber r e l a t i v e  humidity s h a l l  be less t h a n  1%. 
The chamber p r e s s u r e  s h a l l  be ma in ta ined ,a t  h igh  iemperature ,by 
make-up w i t h  s t e r i l e  n i t rogen .  

Typical  p e r i o d s  a r e  2 2  hours a t  27S°F. and 336 hours 

A t  temperatures  of 200°F. t o  

5 .  A t  t h e  completion of t h e  h igh  temperature  dwell  r e t u r n  chamber 

. main ta in ing  chamber p re s su re  by make-up w i t h  s t e r i l e  n i t r o g e n .  

b temperature  t o  ambient a t  a r a t e  of 25'F. t o  50 F. p e r  hour ,  

. When t h e  chamber has  been r e t u r n e d  t o  room ambient,  t h e  r e l a t i v e  
humidity of t h e  chamber atmosphere s h a l l  be 20% t o  60%: 

NOTE: It s h a l l  be p o s s i b l e  t o  ma in ta in  t h e  chamber f o r  a n  extended 
pe r iod  i n  t h e  s t a t e  i t  i s  l e f t  i n  fo l lowing  s t e p  5 by make- 
up w i t h  s t e r i l e  n i t rogen .  

D. Shut  Down 

1. Discont inue l amina r  flow. 

2. Bleed-off t h e  chamber p re s su re  t o  e l i m i n a t e  the  p r e s s u r e  g r a d i e n t  
across t h e  door  seals .  

3. Disconnect t h e  thermocouple from t h e  chamber c o n t e n t s .  

. 4. Shut of f  a l l  main chamber equipment. 

5 .  Open one end door and remove t h e  c o n t e n t s  of t he  chamber, t hen  
close t h e  door .  

. . . .  . . . . .  - . .  , . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . .  . . . . . .  . . . . .  . . .  *. . . .  
. .  , .  . .  . .  . .  

. . . * .  . , .  . . .  . .  
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111. AUXILIARY CHAMBER OPERATION 

* ,  

. .  

.I , . .  

The o p e r a t i o n  of t h e  a u x i l i a r y  chamber i s  t h e  same a s  t h e  o p e r a t i o n  of t h e  
main chamber w i t h  the  fo l lowing  excep t ions :  

1. The a u x i l i a r y  chamber r e c i r c u l a t i n g  flow i s  n o t  laminar .  

2 .  I n  o p e r a t i o n ,  t h e  a u x i l i a r y  chamber p r e s s u r e  w i l l  be 2" t o  3" of wa te r  
above ambient,  ( i . e . ,  1" t o  2" of water  below t h e  main chamber). 

3. Thermocouples can be removed from t h e  c o n t e n t s  on ly  a f F e r  t h e  chamber 
door  i s  opened. 

4. To pass  s t e r i l i z e d  equipment i n t o  t h e  main chamber, t h e  a u x i l i a r y  
charnber p r e s s u r e  must be brough-t up t o  4" of water  above ambient and 
e q u a l i z e d  w i t h  the  main chamber p r e s s u r e  be fo re  opening t h e  door 
i n t o  t h e  main chamber. 

IV. AUTOCLAVE OPERATIONS 

There a r e  two types of a u t o c l a v e  o p e r a t i n g  cycles;  one f o r  a- d r y  load and one 
f o r  a l i q u i d  lodd . 
A. Set-Up 

1. P l a c e  equipment t o  be s t e r i l i z e d  i n  t h e  a u t o c l a v e  i n  such a manner 
as  t o  maximize c o n t a c t  of t h e  a u t o c l a v e  atmosphere w i t h  t h e  equip- 
ment. Connect thermocouples t o  t h e  thermocouple j u n c t i o n  panel  
and a t t a c h  t h e  s e n s i n g  end t o  t h e  equipment. 

2. Close and s e a l  t h e  end doors  ilf t h e  a u t o c l a v e  ( a p p l i e s  to o u t e r  door  
on ly  i f  i n n e r  door  i s  a l r e a d y  c l o s e d ) .  

B. Dry Load Cycle 

1. Perform A ( l )  and (2)  above. 

2. L e t  i n  steam and b r i n g  a u t o c l a v e  up t o  t h e  p r e s e l e c t e d  temperature 
i n  t h e  range of 216'F. t o  270OF. 
monitor  f o r  steam l eaks  around doors and s e a l s .  

While steam i n  be ing  admi t t ed ,  

3. Maintain t h e  s e l e c t e d  au toc lave  temperature  f o r  a p e r i o d  of 5 
minutes t o  3 hours nominal (5 minutes a t  270°F; 3 hours  a t  216'F.) 

4. 

5 .  F i l l  t h e  a u t o c l a v e  with s t e r i l e  n i t r o g e n ;  f l u s h  and r e f i l l  w i t h  

Exhaust steam r a p i d l y  to  ambie?.t p r e s s u r e  (2  minutes nominal).  

s t e r i l e  n i t r o g e n  to 2" t o  3" of water above ambient (nominal ly  
20 gas changes).  

. .  , .  . . .  . - .  . . '  . . ' _ .  . .  ;. . . .  
' 6 . .  Ailow chamber t o  cool t o  amb'ie,nt 'tempera'ture k%&t'aining',charnbe.r . ' 

p r e s s u r e  by make-up with s t e r i l e  n i t r o g e n .  
'. ' 

. .  . . 
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C .  Wet Load Cycle 

1. 

2 .  

3.  

4. 

5 .  

6 .  

Perform A ( l )  and (2) above. . 

Purge t h e  a u t o c l a v e  w i t h  steam and b r i n g  a igocla re up t o  t h e  
p r e s e l e c t e d  temperature i n  the  range of 216°F. t o  270°F. k 'hile 
s team i s  being admi t t ed ,  monitor f o r  s team l e a k s  around doors 
and s e a l s .  

Ma in ta in  t h e  s e l e c t e d  au toc lave  temperature  f o r  a p e r i o d  of 5 
minutes t o  3 hours nominal ( 5  minutes a t  270 F;  3 hours  a t  
216'F .) 

0 

Exhaust steam s lowly  t o  2"  t o  3" of wa te r  above ambient (exhaust  
i n  8 minutes minimum, 20 minutes maximum). 

Purge t h e  a u t o c l a v e  wi th  s t e r i l e  n i t r o g e n  ma in ta in ing  a p r e s s u r e  
of 2" t o  3" of water above ambient.  

Allow chamber t o  cool  t o  ambient temperature  ma in ta in ing  chamber 
p r e s s u r e  by make-up w i t h  s t e r i l e  n i t r o g e n .  

D. T r a n s f e r  t o  Main Chamber . 
1. 

2 .  

3.  

4. 

5 .  

Raise  a u t o c l a v e  p r e s s u r e  w i t h  s t e r i l e  n i t r o g e n  to- 4" of water 
and e q u a l i z e  w i t h  main chamber p r e s s u r e .  

Open a u t o c l a v e  i n n e r  door and s l i d e  a u t o c l a v e  r ack  i n t o  main 
chamber. 

Disconnect thermocouples from equipment, remove equ ipzen t  from 
r a c k ,  and push r a c k  and thermocouples back i n t o  a u t o c l a v e .  

Close and s e a l  au toc lave  i n n e r  door .  

Reduce a u t o c l a v e  p res su re  t o  a n b i e n t  b y  bleed-off  through the  
vacuum pump. 

. . . .  . . . . .  . . .  . . .  . . . . .  . . . .  . . . . .  ., . . r ; .  ... . . .  . . .  . .  . : ' .. , ' *  . .. * . . . .  I .  . .- . .  I . . . . .  

e .  
. .  . .  
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APPENDIX  C. TEST S A M P L E  TEST R E P O R T  

LABAN NO. 
DATE 

PART - T r i g g e r e d  Mu1 t l v l b r a t o r  

MFG - Breadboard (P ro to  T i p e )  

DES - Not Appl i c a b l e  

PGM - A / S  

FR - Not Appl i c a b l e  

DWG - None 

S TA TUS 

On 9/20/65 t h e  above p r o t o t y p e  t r  lggered mu1 t l v l b r a t o r  demonstrat  i o n  

t e s t  c l r c u l t  was d e l i v e r e d  to  the P a r t s  I n v e s t i g a t i o n  L a b o r a t o r y  v i a  

J. Crawford o f  TRBA. T e s t i n g  was i n i t i a t e d  i n  o r d e r  t o  demonstrate 

t h e  c a p a b i l l t y  of  t h i s  u n i t  t o  w l t h s t a n d  a temperature soak a t  +135OC 

(275OF). The sample c l r c u l t  was soaked a t  t h e  p r e s c r l b e d  temperature 

f o r  24 hours and subsequent ly  sub jec ted  t o  a 20  hour o p e r a t i o n a l  l i f e  t e s t .  

I NS TRUCT I ONS 

1 .  Operate and photograph Input  and o u t p u t  waveforms on dual t r a c e  

scope. 

2 .  Soak t e s t  c l r c u l t  f o r  24  hours a t  + 1 3 5 O C  (non-operat ing)  

3. Repeat I n s t r u c t i o n  #1.  

4. Operate t e s t  c l r c u l t  f o r  20 hours (accumulated hours  o f  o p e r a t i o n )  

r e p e a t l n g  l ns l ruc t l on  # 1  every two hours. 

TEST AND MEASUREMENTS 

The t e s t  i n s t r u c t  Ions were c a r r i e d  o u t  In  t h e i r  p r e s c r l b e d  sequence. 

The amp1 I f l e t -  o f  t h e  dual  t r a c e  osci l loscope used t o  m o n i t o r  t h e  i n p u t  

afid o i i t p u t  wavef=:ns was checked and caltbrated w l t h  t h e  i n t e r n a l  

cal I b r a t l o n  o f  two s l m i l a r  o s c i l l o s c o p e s .  

M o n i t o r e d  oven temperature,  d u r l n g  t h e  temperature s.oak p e r i o d  o f  t h e  
e .  . .  . * .  

' 3  
* .I* 

. .  . .  
, *  . .  .. . .  . 

* .  ' . .  . .  . . '  . . e ' .  

* t e s t , .  ranged f r o m  272' ton6OF.  ' 

, E i g h t  photographs were taken o f  t he  I n p u t  and o u t p u t  waveforms a s  

produced by t h e  sample c l r c u i t  a t  t he  f o l l o w i n g  t imes and scope s e t t i n g s .  
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PHOTO # TIME I N  TEST S C O P E  SETTING * 
1 P r e  Temp. Soak ZV/cm, 0.1 sec/cm 

2 I n i t l a 1  Post  Temp. Soak 2V/cm, 0.1 sec/cm 

3 A f t e r  2 hours o p e r a t i o n  2V/CM, 0.1 sec/cm 

4 A f t e r  4 hours ope ra t  I o n  2V/CM, 0.1 sec/cm 

( A f t e r  5 mlnutes o p e r a t  i o n )  

5 A f t e r  6 hours ope ra t  Ion 2V/cm, 0.1 sec/cm 

6 A f t e r  10 hours o p e r a t l o n  2V/cm, 0.1 sec/cm 

7 A f t e r  16 hours operat  I on  2V/cm, 0.1 sec/cm 

8 A f t e r  20  hours o p e r a t l o n  2V/cm, 0.1 sec/cm 

* Both I n p u t  (sawtooth i n  shape) and o u t p u t  (square In  shape) 

s i g n a l s  were fed  I n t o  a T e k t r o n l x  p l u g - I n  a m p l i f i e r  Model 

CA opera ted  In the, chopped mode. The waveforms were superimposed 

upon each o t h e r  for  d i s p l a y  on t h e  o s c i l l o s c o p e  screen. 

(End o f  T e s t )  

. 

R E S U L T S  AND CONCLUS 1 ONS 

The sample p r o t o t y p e  c l r c u l t  remained operab le  throughout  the t e s t i n g  

e f f o r t .  No s i g n i f i c a n t  o r  d e t e c t a b l e  changes were ev idenced In e l t h e r  

t h e  p u l s e  shapes, s i g n a l  l e v e l s ,  o r  f requency r a t e s  o f  t h e  t e s t  c i r c u l t  

waveforms as a r e s u l t  o f  be fng  s u b j e c t e d  t o  t h e  s p e c l f i e d  t e s t  

requ  i rements . 

. ' D. M. Snyder 

. . .  . . . . . .  . . .  . . .  . . . .  ! : . . '  . . .  . _  '. . .. . ':' . .. . . .  . .  . ,.:. .. 
. _  

. -  . ' . .  . .* " . I .  ., .. ' i , 

. .  . ._. 
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TEST CIRCUIT 

. r r a * u r Y T - v -  v5---- 

. . . . . . .  ........ 
.I . 

PHOTO $ 1  PRE TEM? S O A K  

c- 3 


